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cautions against noise, noise specification, 
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INTRODUCTION 

Widespread use of digital logic systems in many indus- 
trial applications has created an increasing demand for 
insight into the special noise considerations and precau- 
tions required to operate reliably in a noisy industrial en- 
vironment. The question that invaribly arises when select- 
ing a logic family for an industrial application is “What is 
the family’s noise immunity, and how does it compare 
with that of the other logic families?” 

In answer to that question, many articles and papers 
have been written comparing the noise immunity of the 
TTL (transistor-transistor logic), DTL (diode-transistor 
logic), and HTL (high-threshold logic) families. This arti- 
cle compares the noise immunity of CMOS (complemen- 
tary metal-oxide-semiconductor), a relatively new logic 
family that has been enthusiastically received by indus- 
trial logic designers with the noise immunities of those 
other families. 

Included is a discussion of the various types of noise, 
common methods of protecting a logic system from 
noise, and accepted tests performed to determine how in- 
herently “immune” a family is to noise. Graphs and tables 
of data comparing the “d-c noise margin,” “a-c noise 
immunity,” and “noise-energy immunity” of the TTL, 
DTL, HTL, and CMOS logic families, as well as the inter- 
pretation of those graphs under actual operating condi- 
tions are also discussed. 

NOISE SOURCES 

Sources of electrical noise may be classified as either 
external or internal to a digital logic system. External 
noise may be generated by electric motors, arcing relay 
contacts, circuit breakers, etc. This noise is usually in the 
form of randomly generated spikes of electromagnetic 
interference, that couples inductively to the power, 
ground, and signal inter-connections within the logic 
system. Internal noise may be generated on the signal 
lines by crosstalk (capacitive coupling between adjacent 
signal lines), on transmission lines from reflections (due to 
impedance mismatch), and on the power and ground 
lines by current surges occuring during switching. 

Some of the external noise generators mentioned may 
generate voltages in the neighborhood of thousands of 
volts. This voltage would, of course, disturb any inte- 
grated circuit existing today. Fortunately, this amount of 
voltage is usually never applied directly to any digital 
circuit line. Rather, it must couple through the very high 
impedance of free space. Therefore, the total energy (thus 
voltage) absorbed by the signal line is dependent on the 



ratio of the coupling impedance (free space) to the digital 
circuit impedance of the signal, power and ground lines. 
If the circuit line impedances are very low compared to 
the coupling impedance, even high voltage noise sources 
should have little effect on the circuit; however, to de- 
termine the effect of external noise generators requires a 
knowledge of the generated energy, coupling impedance, 
circuit line impedances, circuit noise-margin, and circuit 
speed. 

The effect of internally generated noise on circuit 
operation also depends on the noise margin, speed, and 
impendance of the circuit. Unless long lines are being 
driven, the effects of cross talk and transmission-line re- 
flections are minimal in all logic families except the super- 
fast ECL (emitter coupled logic) family. Power and 
ground noise is due primarily to poor power and ground 
returns in the system, and internally generated noise on 
the power and ground lines seems to be a significant ef- 
fect only in systems using logic with very fast rise and fall 
times. 

NOISE PRECAUTIONS 

There are two approaches for dealing with electrical 
noise in digital logic modules in a noisy industrial envi- 
ronment: (1) keeping the noise out of the system and 
(2) minimizing the influence of noise that does get into 
the system. 

Here are some system design and construction prac- 
tices commonly used to keep noise out: 

1. Segregate logic wiring from' field* wiring. Do not 
design input converters and output drivers so that 
field wiring uses the same connectors that carry 
logic signals. Arrange to use opposite ends of 
printed boards for logic and field-wiring connec- 
tions, and never allow the both types of wiring to 
be adjacent or to be bundled together. 

2. Do not mix logic grounds with field grounds. This 
does not mean that logic ground should float; how- 
ever, heavy currents should not pass through the 
logic system ground on the return path to the 
power supply. An excellent scheme is to switch the 
a-c line with optically isolated triacs. D-C solenoid 



(*) The term “field” is used here to refer to high power 
interface circuitry (either semiconductor or electrome- 
chanical) which is external to (and possibly controlled by) 
the logic module. 



Circuit diagrams external to Motorola products are included as a means of Illustrating typical semiconductor applications; consequently, 
complete information sufficient for construction purposes is not necessarily given. The information in this Application Note has been care- 
fully checked and is believed to be entirely reliable. However, no responsibility is assumed for inaccuracies. Furthermore, such information 
does not convey to the purchaser of the semiconductor devices described any license under the patent rights of Motorola Inc. or others. 
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drivers might seem difficult to isolate, but judicious 
use of ground-isolating resistors and auxiliary chas- 
sis tie points can force most of the load current out- 
side the logic system ground. 

3. Use hi^ density packaging. Computer-type modu- 
lar construction minimizes lead lengths in the logic, 
reducing the coupling between logic wiring and 
nearby field wiring. Dense packing also cuts resist- 
ance and inductance in the logic ground system, 
minimizing interference from residual noise currents 
that may be present. Select a logic family with a 
strong complement of MSI (medium scale inte- 
gration) functions, this will improve packing density. 

4. Where logic and power circuits must be adjacent, 
use shielding. For example, a group of printed 
circuit boards carrying field circuits can be shielded 
from general-purpose logic modules by inserting un- 
etched copper-clad boards in the sockets that 
separate the two groups. 

5. Filter the line voltage where it enters the logic 
power supply, and at the supply output terminals. 
Bypass capacitors, typically 100 pF silver mica to 
remove high frequency transients andO.ljjF ceramic 
to remove lower frequency transients, should be 
used wherever power supply lines enter the circuit 
board. 

One of the best ways to minimize the effects of noise 
that may enter a logic system, in spite of the previously 
mentioned precautions, is to design with a family that 
has good noise-rejection characteristics. Therefore, the 
inherent noise immunity of the logic family should be 
considered in addition to the usual considerations such as 
cost, speed, availability, and compatibility. Here are some 
considerations that should be taken into account when 
selecting a logic family to operate in a hostile industrial 
noise environment; 

1. Slower speed or longer propagation delay logic 
families are usually less susceptible to noise, since 
noise is generally more intense at higher-frequencies 
(MHz range). Metal-to-metal contacts are nearly 
ideal step generators, and wiring resonances often 
generate high frequency noise peaks. 

2. Logics requiring fast rise and fall time inputs are 
more inherently sensitive to high-frequency noise 
than slower rise time logic families that switch by 
level sensing rather than edge sensing. 

3. Using complex MSI and LSI functions in a logic 
system can reduce the number of circuit compo- 
nents and interconnection lines into which noise 
can be coupled. Also, complex functions usually re- 
duce the total system cost, since fewer individual 
components must be assembled. 

4. Inherently fast rise and fall time logic generates 
large current spikes internally on system power and 
ground lines. Slower logic greatly reduces this 
problem. 



5. High noise-voltage margins and low signal line im- 
pendances are good insurance against noise. These 
features are discussed and characterized in the fol- 
lowing sections. 




NOISE SPECIFICATIONS 

Before comparing the noise immunity characteristics 
of the different logic families, a discussion of the different 
types of noise immunity specification is in order. There 
are three basic ways to specify noise immunity: 1. d-c 
noise margin 2. a-c noise immunity 3. noise-energy im- 
munity. 

The specification, most commonly found on the manu- 
facturer’s data sheet, is the d-c noise margin of a circuit. 
The worst case signal line d-c noise margin of a logic 
family is shown in Figure 1 and is defined by these 
equations: 
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VNSL(niin) = Vj^(max) - VQj^(max) (called 
low-level signal line noise 
margin) 

“ VQpj(min) - Vjp^(min) (called 

High-level signal line noise 
margin) 

where: 

VoH(min) = Minimum high-output voltage 
for worst case source current 
load (1 qj-[) 

Vjj^(min) = Minimum high-input voltage to 
guarantee the appropriate out- 
put logic level (VQj^or Vqj^). 

Vji^(max) = Maximum low-input voltage to 
guarantee the appropriate out- 
put logic level (VQj^or Vqj^). 

VoL(max) = Maximum low-output voltage 
for worst case sink current 
load (Iql) 

A d-c noise margin specification is a good rule-of- 
thumb, but it does not give the designer all the necessary 
information to completely characterize a logic family’s 
inherent noise immunity. Tire d-c noise margin predicts 
only the effects of a steady-state variation in signal line 
voltage levels. 

A-c noise immunity adds another dimension to the im- 
munity specifications by demonstrating the relationship 
of both the amplitude and the pulse width of the noise 
affecting circuit operation. Typical a-c noise immunity 
plot, in Figure 2(a) shows the effects propagation delay 
has on noise immunity. Note, that as the noise pulse 
width approaches the propagation delay of the circuit, 
the voltage amplitude required to affect the circuit be- 
comes quite high. Also, note that as pulse width increases, 
the noise amplitude asymptotically approaches the d-c 
noise margin. 

A noise-energy immunity specification gives the de- 
signer the best criteria to judge the noise immunity of a 
logic family. Noise-energy immunity takes into account 
not only the noise voltage amplitude and pulse width, 
but also the impedance that coupled noise “sees” on a 
line. A typical noise energy immunity plot is shown in 
Figure 2(b) and obeys the formula: 

Vni2 

En- -N- <PW) 

where: 

= noise voltage amplitude required to cause a 
circuit malfunction 

Rq = line impedance (the parallel combination of 
the circuit output and input impedances on 
the signal lines, or the return impedance on 
the power and ground lines) 



PW = noise pulse-width 

Plot of 2(b) shows the note energy required to effect 
a circuit reaches minimum value at the point (PWminE) 
where the a-c noise immunity begins bending upward. 
This minimum value is the point at which noise-energy 
margin can be most meaningfully specified. The noise- 
energy curve also could be generated form the a-c noise 
immunity curve by knowing the characteristic impedance 
of the line from which the curve was generated. 

THE TEST 

Since noise immunity must be approached from a sys- 
tems standpoint, standard testing for noise immunity 
must be made under normal logic system operating con- 
ditions. Testing of a single gate without considering 
typical input and output loading factors would not give a 
true noise figure of merit. Also, testing a large logic 
system could be impractical. Test circuits that give the 
best trade-offs between the two extremes, are shown in 
Figures 3a, b, c, and d and include two gates and a flip- 
flop from the same logic family. This test gives the de- 
signer a good idea how well a logic gate will reject noise 
under the conditions of typical family input and output 
loading, propagation delays, and voltage thresholds. 




rpd 



Noise Pulse Width 

PWmine “ Puls® width at which noise energy plot is a minimum 
FIGURE 2a — Typical AC Noise Immunity Plot 




Noise Pulse Width 



FIGURE 2b Typical Noise Energy Plot 
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FIGURE 3a — Low-Level Signal Line Noise Immunity Test Circuit 




FIGURE 3b — High-Level Signal Line Noise Immunity Test Circuit 
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FIGURE 3c — Power Supply Noise Immunity Test Circuit 




FIGURE 3d — Ground Line Noise Immunity Test Circuit 
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The signal line low-level and high-level noise immunity 
tests are shown in Figures 3a and 3b respectively. Since 
the noise margin, line impedance, and propagation delay 
characteristics of a gate vary between the high and low- 
level logic states, both states must be tested. Both positive 
and negative going spikes of noise are generated at the 
interconnection between the gates using a pulse generator. 
The pulse generator d-c offset is used to maintain qui- 
escent d-c voltage levels at the interconnection. An oscil- 
loscope is used to measure the pulse voltage amplitude, 
Vj,j, and current amplitude, necessary to toggle the 
flip-flop with various noise pulse-widths. From these 
measurements, the line-impedance and noise-energy mar- 
gin of a typical gate-to-gate signal-line interconnection 
can be calculated. 

Logic family noise-energy margin concepts that apply 
to the signal line tests are not directly applicable to the 
testing of the power and ground lines. This is particularly 
true in the case of high-impedance MOS logic circuits. 
Since the impedance, looking into the Vpp and 

terminals, of a CMOS gate is typically 10^ - Ohms, the 
energy required to change the output voltage sufficiently 
to cause a malfunction is negligible. However, the energy 
required to raise the voltage level of the low impedance 
power and ground busses in a practical system can be 
enormous. Therefore, it is more meaningful to test the 
noise voltage level on the gate power or ground lines that 
will cause a malfunction. The energy required to produce 
this voltage is dependent on the power supply output 
impedance, by-passing precautions taken, and wiring lay- 
out and ground return rules employed. The system de- 
signer must detemiine the adequacy of the procedures 
used. As with the signal line immunity, the supply and 
ground line immunity is a function of noise pulse 
width. Depending on the logic state and family type, the 
logic gate may be sensitive to both positive and negative- 
going noise pulses on the power and ground lines. 

TEST RESULTS 
Signal-Line Noise Immunity: 

Low-level and high-level signal line a-c noise im- 
munities of the four logic families are shown in Figures 4 
and 5. As mentioned previously, the most comprehensive 
comparisons are taken from plots of relative noise-energy 
immunity shown in Figures 6 and 7. In these curves the 
combined effects of voltage threshold, line impedance, 
and propagation delay on device noise immunity become 
dramatically clear. 

Due to the greater energy scale required, the 15-Volt 
noise energy characteristics of the CMOS and HTL 
families are plotted alone in Figure 6. The advantage of 
low line-impedance becomes clear in this plot. Note that 
the HTL, with its low-impedance (only 140 Ohms), low- 
level state, exhibits a minimum noise-energy immunity of 
60 nanojoules; this is nearly an order of magnitude greater 
than the best minimum - that of 15-volt CMOS. Note, 
however, that the relatively high-impedance (about 1 .6K 
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FIGURE 4 — Low-Level Signal Line AC Noise Immunity 




FIGURE S — High-Level Signal Line AC Noise Immunity 




FIGURE 6 — Signal Lina Noise Energy Immunity 
(CMOS, HTL @ 15 V) 
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FIGURE 7 — Signal Line Noise Energy Immunity 
(CMOS @ 5 V and 10 V; TTL, DTL @ 5 V) 
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FIGURE 8 — Ground Line AC Noise Immunity 
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FIGURE 9 — Power Supply Line AC Noise Immunity 



Ohms) of HTL in the high-level state results in a minimum 
noise immunity less than that obtained from the 15-Volt 
CMOS, which has a slightly lower-impedance (about IK 
Ohms) and comparable noise-amplitude margins in the 
high-level state. The HTL does have the additional advan- 
tage of slower response time causing the HTL to reach its 
minimum energy at a wider noise pulse width, and thus 
to be less susceptible to higher frequency noise then 
CMOS. 

Since the pulse width value indicates the noise fre- 
quency to which the device is most sensitive, it becomes 
clear that not only should the minimum noise energy 
value be considered, but also the pulse width at which the 
minimum energy immunity occurs. 

This thought must be kept in mind when comparing 
the noise energy immunity plots in Figure 7 of CMOS at 5 
and 10-Volt supply voltages with TTL and DTL at 5 
Volts. Low line impedances of TTL devices offer a slight 
advantage in minimum noise-energy immunity compared 
to the other devices at 5-Volt power supply levels. TTL 
high-speed capability does, however, make it much more 
susceptible to higher noise frequencies than CMOS, which 
reaches minimum energy immunity value at a much wider 
pulse width. Even at the higher 10-volt power supply 
level, CMOS has slower response time than TTL and DTL 
and at that supply level CMOS also has higher minimum 
noise energy immunity values. Note that the high-level' 
passive load (about 1.8K ohms) of the DTL family give 
it the poorest value of noise energy immunity. 

Power and Ground Line Noise Immunity 

The results of the tests for a-c noise immunity on the 
ground lines of the various logic families are shown in Fig- 
ure 9; similar results for tests on the power lines are plot- 
ted in Figure 10. In general, the graphs show what might 
be expected: That is, 1.) the CMOS devices operating with 
a 10 or 15 volt power supply have a much higher typical 
d-c noise margin and slower response time than the TTL 
and DTL devices (operating at 5 volts); 2.) CMOS power 
and ground line noise margin at a 1 5-Volt supply is higher 
than HTL (also operating at 15 volts). Even when 
operating at lOV, CMOS noise margin is 'comparable to 
that of the 15-volt HTL devices, although the HTL de- 
vices have a noticeably slower response time to noise 
pulses on the power supply line; and 3.) CMOS d-c noise 
margin at 5-Volt operation compared to that of the 5- 
Volt TTL and DTL families, is about the same on the 
power supply line, and about twice as great on the ground 
line. However, due to its slow response at that voltage, 
CMOS exhibits much higher noise immunity than TTL 
and DTL as noise pulse widths decrease. 

It is mentioned in “The Test” section that a device 
may be sensitive to both positive— and negative— going 
noise spikes on the power and ground lines. The CMOS 
devices exhibit a sensitivity to only negative-going noise 
spikes on the power supply line and to only positive-going 
spikes on the ground line. The bipolar families, however, 
showed various degrees of sensitivity to both positive and 
negative spikes on the power and ground lines depending 
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FIGURE 10 — Tabulated Noise Immunity Results 



on the output logic state of the device under test. Only 
the worst-case condition is plotted in the graphs of Fig- 
ures 8 and 9. 

Only device power and ground line noise amplitude 
and pulse width immunities have been discussed. The de- 
signer alone has complete control over the impedances on 
the power and ground tines of his system, and these im- 
pedances determine the energy immunity. Significant re- 
sults of the noise immunity comparisons are tabulated 
below in Figure 10. 

CONCLUSION 

The purpose of this application note was not to sway 
the reader to use one logic family rather than another 
based on noise immunity advantages alone. It is meant to 
be a guide: providing the logic system designer with ad- 
ditional information for selecting a suitable family for a 
design. No great effort is made to compare the logic 
families on other important tradeoffs as price, availability, 
compatibility, MSI functions, power dissipation, operat- 
ing temperature, power supply range, etc. The task of 
weighing all of the tradeoffs is necessarily left to the de- 
signer, since the relative priority of each of the tradeoffs 
is based on the system constraints of the design under- 
taken. 



We can conclude however, that logic with good 
inherent noise immunity can give a system an important 
advantage when operating in a noisy industrial environ- 
ment. Hopefully, the information contained here will ease 
the designer’s task in selecting a logic family under noise 
immunity constraints. 

REFERENCES 

1. “Digital Logic Modules,” Machine Design, p. 149, 
Electric Controls Reference Issue, 1971. 

2. Maul, L., “Noise Immunity with Motorola High Thresh- 
old Logic,” Appl Note AN298, Motorola Semicon- 
ductor Products, Inc., Phoenix, Az. 

3. Ricks, Robert, “Noise Immunity: What it Really 
Means,” EEE-Circuit Design Engineering, April 1966. 

4. Halligan, J., “Noise Immunity,” Engineering Times, 
March 26, 1973. 

5. Boaen, Verell, “Designing Logic Circuits for High 
Noise Immunity,” IEEE Spectrum, p. 53, Jan. 1973. 



9 














































































rv <' 



! MM 



M I Q*t 




<«M I ' tij< 



»0 I SI 






IA»«3¥ ai«OI 



0* I 



•' ^ • tiim 0Y*I| M vrit'V* H. :«m K wncmlia*** <nu>' «ts rmiltt. Usi^vT* 

' ' » »1~ !>•'>»< »•!>■ ft/m 

I «rm*a viImmmmI MtMMiBMwMT- or 

n , 

boon itriw '^|ol 1M<} .wVMRHf ttMibao: wa »w |j| ^^faiO ,taai iViiu- »'U V> qmjs aiyol iinpiiB wH mo 
iiwrioqiiH M ffWKVt « no <tiatMR<w ^dl^ii MMtMlai I! -«iH 'to Mlqria mIi ni li oeitibROS «1] 

^ -iimivR* tihxaibn faoo « m. gpiitDMto n»dv> ] .9 bm 8 a«i 

Uiw mail bMii»iiio» iftitiwiMillat «<l ,^bf)aqaH .iinna j||, afanil<|iltt wKni anil btnioi^ bMa lawoq 

tNOM ytkm tSim’i atoi « iii i taa lw id daat ^'laatteob miO' i|i| 'q 6 Mfr kamiKxifa >ia«i am! miimiwnM riibiw actin' bw 



.imlciiiwod 






.9bi .q ,i%mO anIitaiM ".aabrlKiM aignj kiigISt* I 
•irvi .mmit aoimabJI atoiiro^ ontMll 



iqaTKCr ilgiH i4oiuioMdMw <(iduinxait .UmeM .S 

•ooTtaMB akfKttcM atoH iqqA "r»i|t>J -bio 

sA .Ki n aw W ..an! Kltaub 



<lka)l H iidW i^iUHHRnd satoH“ .mdojl .wtM X < 
ftiqA 4nhn>nbHi9 ifaMaO»39'1 “.xiiaM 

.caodT tnftaaM^S aaloW* > 

ma: a 

rflW tdl ilitfMO :ii|oJ .itaanfl .1 

Xrvi .a»l ,Zt .q .minrjaqe 9331 " yliimninf acioM 



' V-' ■ •’''K 



H’'. ■■ ■.. 



-I’ »t! 

• * j . 



•' ' ' r: 

‘ T \ V,.- . *^t.V ^ .‘iV 






■ X' t- 

’* ? •< 



■a HandiaqNn ai<; wto loiin^v alalqi m w lal am>lt' 

•ml wadi toa •i>-)>yt dil'^o asiM boMDi| baa NNaoq adi 
-an maatHaqiB rtti-. •tomi Cliana oib anirmalab aaonabw) 
baialitibi 'i'*' :>•> ^Mtsqnwa <{dnina(n) oMxi mU la sltiiK 
■ • T ■ .01 awigfl Mi wolad 

■ t» ■ : s 

' MOiaUUDMQO 

'fKmi ot loa mu auw acita^i'i';s uitf >» att-fpoq aiff 

S vMionc aaHi tadiai yliiMl 'ivy*^ ano mt oi tabwi aiO 
at inaamat il .awds «aqsmsvi« fttfimmin aalOA no hamd 
-ba ittlw wosliab foibfvinci abitq a ad 

a i«1 '{})«») aklanu* a jyniiaalw ml aoUunio^ laaoifib 
I aifpt adl maqifioa m abam a) nolta isatg oM -aquab 
,qfiOdaila*ra .aonq ai lAtoabsTt inatiuqiiit larftv nb aaWfnal 
•lataqo .Ai>iiaqMb lanoq ^cmiliaoM) IBM .ytilldoaqaioa 
te Aai a«fr aia .agiuif ^qm Ttaaaq .muinaqaaM 
•ab arti ta rio! yfiVMaa^iB d ^oaltial itb to Ha |(dl^|law 
dtoabmi adl )o data 'h;i ^(lisonq avUalm artl aania .lan^ta 
labiuj oib 1o utuarMnn^ matayc od) ao baaad d 

J .loaW 

'if.:-' iv-. 

— s'? ‘'i. «S ' • . -U ■ 






















. ■“ i ' 



*'”!r • • 

' 



i»tif ceil Inc. 

• bv - ^ 1 l,8V■fr.^ 






*■ . 1 

















